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(57) Abstract: A semiconductor light-emitting device such that threading dislocation from the substrate is suppressed, the number of 
t^. manufacturing steps is smaller than conventional, the crystallinity is favorable, and the chip structure is micorminiaturized. A crystal 
O layer having a slant crystal face (e.g., the S-face) slant with respect to a major surface of a substrate is formed on the substrate. A 
layer of first conductivity type, an active layer, and a layer of second conductivity type all extending in a plane parallel to the slant 
O crystal face are formed on the crystal layer. A reflective layer extending in a plane parallel to the slant crystal face may be formed. 
^ The crystallinity of the crystal layer having a slant crystal face slant to a major surface of the substrate is favorable, and it is easy to 



prevent threading dislocation, microminiaturize the elements, and isolate the elements since the crystal face is slant. 
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10 mMvnmm2 5 0¥Mfo§%ytm?<DM&xm\z&ttz&m®<DMj$,x 
m&*?§&mxm®$im. mssmu. z.o%w®&ffiM2 so^mfc 
%ytm?®m&xn\z&v%fe&]&&m<DMj&xm&7x*tmmxn®$i 
m, is 6 site, z.omn^mm2 5 <D¥m&%ytm^v®&xm\z 
&ttzm2mnm<DMfcxn*7xtM&xm®$i®. ms7®\t, z.o 

<D&titxn*^tmmxm®m®, mssmt, zwmMonm&n 5 

20 

s§ bj & mm? % tc & © s& © $ag 
mvtztfp>mm\z$&w?z 0 
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77<7 (Al 2 O s , A®, R@, Cffifc^tT. ) SiC (6H, 4H 
» 3 C&$tSo ) GaN, Si, ZnS, ZnO, A1N, LiMgO 
, GaAs, MgAl,0,, I n A 1 G a Nft Eft 0 , 

Vi5^-&^«, gfttfU^A (GaN) £te£$>¥i£#©*m£ricfi$ 

*BHT«^fc®:&&S'&tf *>©•*?**. £«gflcJi«&fcLT©$6#* 

H®£*rLTV>3. C©*SMttft»©S«©£ffitC#LT««*Lfctt 

tefcl^ ^© + -Cfc^;Pyi£M©^a^3iS:^-rSilt*W^bVi. 
Z.<D£?fc1£&mt lt«, I I&^fHt'&tl^Stt^B eMg 

ZnCd SaHt-&$l¥S#, BeMgZnCd 03Ht;£*WiS#£/B V> 
SJltm, Xfctt*ft5tfU (GaN) JMt£tt¥*#, gfc7 
25 ;l^-?A (A 1 N) 3Rft^«¥*#» SHb-OS^A (InN) 
<&^¥^#, iftO^'JA^'JOA (InGaN) fcfc'&tt^fcfle. 
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mk7)VS.-Vk$W& (AlGaN) fcfc'&to^ilMfrftffS L < \t 

g#jW?£LHo CO^HJC^T, InGaN, AlGaN. 

5 <Z)T&fc< > 0J*.«I nGaNTIt I n G a N OftJH fc^flsS-fr 

BTfc5C£«V>'5£T s fcftV>. te.1t. SI^ (11-2 2) ffifcHM 
WfcW^ffittt, S®^> (11-2 2) liK:»UT-tn^n5 3feV»L 

MX.MttAM^'MlftffijAftltS (MOCVD (MOVPE) ft) 
WlxK^ + 'y-fS (MBEft) &£©£[*)«**£■* » 
F&*Sj£fii*c (HVPEfe) &££fflV> 3. ^©4>TfeM 

ocvD&fc«k*i> aafcjssttoA^feo^sn*. mocvd 

15 ftTtt, G a V — X tlTTMG ( h l> U ? A) , TEG (h 

UI^V^'J^A) , AlV-XtltttTMA ( HJ * ^TJI'S - 
?A) > TEA (h'JlW;V5-!>A) , InV-Xtl/Tlt T 
MI (h'J^^W^y^A) , TEI (hUlfM>^A) 

20 K^i?>ft£©#x#{£fflsns. ^y-^ti/Ttts n? 
fcntf^5>#*. g ei?afen«y;uT>^fx, Mgt*n«cp2M 
g d^>^5;x-;1/t^^>"^a) , zm?*n«DEz (>>x 

nS©#7.fc0)J*J;£6 0 OT^±fc;&D$£ftfcg&©g®fc#M$bT. 
25 #Xfc#«?T*Zl£fcJ:!K InAlGaN*fl3^ft*i#ftxK^ 
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ft 0 , TifeJ&fiJl y 7 7 1 £ flEiBA* s/77it om-^itab § Vi 

' TMtS-t^t, «*KMr«&JR{t£«&ffifiSfi8s (MOVPE 
ft) Wilfc!^^'>-ft (MB Eft) , A-tf t*7-f PftffiMtt ( 
HVPEft) ^^©^MSffl^Sili^tS. 

21 £#"T?#3 £ A*y 7 7 

77®^^^tiftv^'&'feab§. WAtt, sic±l:ttAiNSfifi 

20 KbfcHTJty 77«*^^^>ilt i fe* 0, Sig&±£teAlN, G 



21 



WO 02/07231 



PCT/JP01/06212 



)Vy$uMV (0 0 0 1) ®[C®]£g&£®£l/fc*§'&T«, (1-1 
0 0) KMI], (1-101) I[S|], (11-20) ffi[AI], 
(1-102) SCRSi], (1-123) I[NI], (11-22)® 

5 ttf-ct* mzsm* (11-22) w&&xrvztit>\zmffiui&&m 
<D±\zmn&&vrzn\z&p>tiz>$;Mwr$>y), it^n^t^>mr$> 

oTA^H^©®*^^ (1-101) C®£C+®£C- 

, #Eiig#fc:fcViTte, mzmzfc^m&te, c+®GaN±tcs+® 

fiS+®#££®T&S. £fcC+®<Z)ffi^giCfc): (0 0 0 1) 
£0 S ® fc^Tte, tft^©^ 5 fcgfctf U -0 

, ^wkv/i i i ttft±%'rz>z.t\zf3.Q. mmmm<ot£$k&<Dfa 
±\zmmr$>z>* ztc. mmtmts.zjjmzfc&Tztmmfrbtizw 

zvnwo^mfc&ytmTiz&^Tfe, m&m\tmm®£m\zttLx 
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ts; ® * & ft ^ ft © & ffi & n n« j& t 5 1 k c n * « m c 
j&vx ^7 7i t &&mm tfrbfc a »;77 ji ±©^^as & £ 

, PJJBtt. iE^JBtf, Hft^tt, $ 
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5 30*1 - 1 0 O#|pJ0AS^ 1 - 2 0#[6]©A£?&fc2:) 

fcS®]fi«**Ri:ft«:**lRl*Tf»ntf1EffiSlftW , «S»*» 

nG aNJ8H£Ji©JfcML«tt7 0 0~8 0 0"C*C*a&«>, 7>^^7 

15 ®±, Mg H-^lO^®tt-«l:AFMI/W0i® 

ttttjWBUj&t, S®©J5fcgK:«fctf £©Mg H-y»t>AV»*litt**Cia 
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zi8i&m\z&&tZo iiitsittpasfcttnaoi'?!' Fi-efco 

ftfCiotWL, *©±fcl nGaN»*i£ttJii:UTJB&U $ 
InGaNISAl G a NST&tf$5££-r 5 C £ pJIBT 

m-m^^p <sqw) nsft^^p (dqw) mm. 

m ?#j3 (MQW) $5tfc£©*^#F$iI£^bfct>©T&^Tt> 

afiaaao&fcfcnfflfcfcatta******* ItSL Ge> Se& 
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, fcSH'H'Mg* Zn, C, Be, Ca, B aUEVJZt-fZ-^U 

HJittsiBft«j«r**Mtrai;*r»*crai;jii*a!t-r«2:i: 
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10 mmftoMT-vt*, ^n?n<Dm<Dtete*>bfflft**'t>\zm&M. #Jia 

\z&j&vTh&K, £np><Dmm*mmmz£r)fti$ l t5>i£i£. 
25 , nn®tf&&m£^x2<DT\zmf&2tLiz®mmm£<DMij\z-o^T 
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2] 

£©»!»©¥»#»***«, mm±\zmmfii<D£m\z*iLTM®i' 

20 ViSJli:^T#5. ^SlOf$^, m&m&f&Mt S&fcJ&jTf % 
&fc©T&5. 

25 s®tec+®©± 
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A#H^©®ti8c*T?« (l-ioi) cii:c+®tc-l^ 

^ 0 ft M Ifi H§ 7a ££ ft ^ # <Z> M tfJ £ * n -6 n ft f 3 t C ffi * tc 

20 fcTP^Tfc, $fc0**#S^*^l©«fc*V>TK91bfcaOT**. 
cn^Iliill, ISttJi, £.fctfJg2**fflJl»S®*fcfi«S. 

2 snn^s * e. & £ »3t«* * o s ® ± c ^fife-r s si £ 
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mffiZ&A-rZt, S®«I n©JRD&*fc£<*SSttfej3lV»©T'»ft 
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mj&«&£©J*#Jfc*ttSJ:?TV>fcV*. -tiLT?£©f&?ll©¥3l# 
3] 

S«¥fffcaSft*nfcKWBTRWbfct)©-C**Ci:S»|Rfr*. 

25 mmmtez* ***MB3fe**©a**j*fcov>Twu %o¥m>w&yt% 
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£'p<Dftmmt&?Tbm®teKtt&^&umT$>n\z&^o z\<dk%$ 
arr s m m & w-t <?> m®m$km \zy-n \zm& $ n s 2 ® &>±®m x & 

mt-tiztifini**. z\tiz 1 8 0 0 «fc 0 t>/h*ttA*T?#si-rft^' 
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# s 8?> Kn&Btt ^ffiiBa » d ©m«ftx*flE'* * * < ? s n t 
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10 4] 

□ 6» 1 g^M©!! 2 rt*Jgfc»ft«ft3li:T»£U tt& 2 jEKft 

15 j:tfje2*M!*5y F*©-«*&tt£«*±iBWPf5©flH© , 7x 

*fiJi*»fifcUft*%>©T*ntfttK:l8«Sftr, *©¥»#»**?■ 
1 ~3 £|i?l*l©fc©£/BV>5;i£tfST#£. 

*>Sfc*. Cti^Il^Iii2^IIIii:fcl:ili«ii:$n, 

^m^S, mitS, *3J;^2^m^S^&^?>^5 , 6^S^^'5J^^ 
25 *f»JiT!fcft«&V>. $gl£«fctfSg2$:gJI©JIJ§Mm®£UT, <b£ 
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g Z n C d S mt^m^MW. BeMgZnCd O ffl 
V>5 HtCtegft#U£A (GaN) -SSft 

5 7^5-2A (A IN) ?Mb£$l¥g#> Sft-f^fA (UN) £ 
4fe£#l¥3g#, SMb-f >5>£Z»:»y £A (In GaN) 
, gttT^-^Atf'J 9 A ( A 1 G a N) %4kG®}¥Mftfc 

ft:«I**#3&«»*bVi. fcfc, ^©^gBJt^ViT, In GaN, A 1 G 
10 aN, G aNfeZtei&tlsh. 3tg*1&02k 2 7G*Iil©*0^b%¥ 
g#£ig-r©T«&<, WAtflnGaNTH InGaNiDfl^ 
{b^-^^VilBHTOlSMcDA 1 , ^(Dm^m^S^/u-V^ThMO^ 

^©IBH-e^seittiv^^Tt)^^. ^WSB^t^ViT, g{b 

totfel I Iil:B, A 1, Ga, In, T a <D$(D\t>'?tlfrZ)>t'0& 
15 fflVi, Vi^£&£lCN£/BV>5£<h£#$t£t-5&0T&5o bfrbfc 

0ll*tf#«&«{b'&<»&ffijSfi8j (MOCVD (MOVPE) J£) 
20 J $>ft?mx\d?*>'-& (MBES) fcHcD^ffiJ&ftiic^ A^f h'7< 
Hft«««ft (HVPEft) fc££fflV>SJli:#T#S. ^©<=PTt)M 
OVPEftia.St, ffl»fc»fttt®AV>'b0rt«#&*i*. MOCVD 
J£T«, GaV-XibTTMG ( h 'J *3\JI># 'J # A) , TEG (b 
UX^WIJ^A) , AlV-XtlTttTMA (HJ ^JPTJl/^- 
25 # A) . TEA (hyx^JUT^-^A) , InV-Xtttlt T 
MI <hy*3 i ;M'>5>£20 » TE I (b>JlfH>^A) fc£ 
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6 o ot;a±K:lnilft4nfc*«c!>«®fc«l&l/T» #7&# 
fi?-r<5£<!:k:£?K InAl G a N3Hb£^¥ii#£xfc!**<>^;H& 

Ay7 7St^®ai:LTfiltB'rs^^ait©a^^A^^5«iigT 
«M fc ;t ^ 7 7 ■ 3^ & * *K3W * 6 ' %> ^ y 7 t 

tf, S i C±lCteA 1 N*ig.mzVfc^rrty7 7m*fcf8.t2>Zth 
& D , S illillCttAIN, G aN£^teDi£ifiK:l,ftV>T/'W 7 7 
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mz, ssMoaRfcfcttsrrstf. s^yaa® (oood ®c 

5 CW^Sfi^Stl/fci^ll (1-100) B[MI], (1-1 
0 DiSCSlS], ( 1 1 - 2 0) ®[A®L (1 - 1 0 2.) ®[R®L 
(1-12 3) MEN®], (1 1-22) ®£«fctf ^nSK^ffifc^H 

-22) m%zxfT*zn(D\z®mi&mM l m*m\<*&zti!fitff&v\ f K z. 

5. ^ics®tec + ®0±t:iMftj&fiL&i^i;:Jl.£ 
i, -l, o, D ®-e&5. cit:c+®tc-iS^St5©t^i 

15 tt, #fc»r6^:V^^», C +IG a N±fc S + ®£J&^LT:J3 D , Z. 
tlSrSSt LTfJHJbTV^. S ® fcO^Tte S +®a*££®T? 

M©gM©^®&c + ®K:fc5#, jiiR$:S£*iJ/B-r5J:t"rs®£ 
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®mzv/\ 1 1 jfc#*±#T5 z. h \z~ts. o % mmffimvi&&&<Dfo±\z 

5 \*&&<D£mtzKLTm®LtzM&t?zz\t&Tiimr&z&. mz, 
m 2 j$fii»s m stcitms wizmmmz&mtemiiwfsnmi&fto® 

mzmnmz&mtew*wxnm#Mft<D®m&*n*nm&'?z t * 
\zcw£tc\t&cmzmnmzmmum&±mm.xftm&mWi<D±¥-m 

15 %ft&}umiRf8,&mtLT\t, mvim\z%ii!8,&m±\zMfczntc-? 
tixtt, n?§^ je#»mk, =a?Btt, mmm. m 

X £ Jl tttil * 6 ft 0 , « *. ~> U 3 > Ji & 5 

ifi$^m®ifi#©&^£ilg*ni"5 0. 1 &V>L 5 #m©i5HT? 

«IRjfc*£m> , sr**Ji0»P«& 1 0 timglORi (&5V>&32 
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it sm*mwLt&f&z% far mi &&xfn&*m 

ut^$tlT^5. ft\Z.l nGaNStti©figMI?»7 0 0~8 0 

10 5. SfcAFMT^fflSlfc tH57f'; 7°#}fif-3 T I n G a NflJl £> & 
*tCjSbfcM#fl$!l$nfc. $^fc-5-©±, MgF-yi0^Itt 

15 ff5t> 0. 5- 1 #mg*©£*t6T!»jrr*c:a:#T*S**, C + 

e m -ei,fcM cd fit %> c + m «k o » £> ^ c & o t v> s . 

20 ^HP»©±«^lCififir*l»K:H:*^l«ilJ«fi^#«El/3iS:V»fcje), v< 

* d ^ * *;wx tr * * 5/- & /b nTfltifriRiJfcfi $ ««tt«k o b fc 

-SfflViT«j&lRl^fi*bfc^RaiEffiS3l^'r<3it), 



39 



WO 02/07231 



PCT/JPOl/06212 



40 



WO 02/07231 



PCT/JP01/06212 



&?5mmtmm&m*&m£tc\*±ft%if&&m<D±m\z®MLr£m 
&<Dmm£Q*z^%vt?5ztw~e%2>. z\<d&v \zm&m<Dwm 

zz.tr. ng.&mo®mz'i§L$.*>. z\n\z^r)^ytw^±\f^z\t 

p«@, nnmtfmtvx2 0T\zi&mi£tircnif8 l &mtow. 
%\z-DKTL%5tMi&LTi>&?z.t&&io, ^n^n^m^<Mm 
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SgJlJ&fiJf ©Jiff ^^©IM X, TUt>%±Z< £*> 5 05^D>g 

*^fcrtfaTn«^©«i:5»:u-'rx©*Tfco^Tt)afflRiiB , T?»s. 

!|#C«SS©J£^M^?i5V>fc8e){c«S§l#lHlU©^Sfe^l»«Sfc^ 
V»TM*©3>^^ bS*5ilfet), aS2*«JB©fc5'S<*:£fc 

15 a^su^wamwc**.' 

h©^^©¥«#^si j ?«> iii$«Ji£ifS2&«jifc8E$;nfc*§ 

20 <>U 3>H-^©a<b^fU^A^fl:'&«**#JilC*t>T**bfc»^ 
Tte, ni^7f KJf £:>U3>K-7©gft#U£A&tt;£$l¥^#: 
Il:J;t»T«)SU, fciCInGaNISgttittt^U $ 6 

25 I nGaNiSA 1 G a NlT&tf&ii if 5 C £ t> WC* 

5. £fc> «ttJltt#-©;t;p^SttJiT«li«-r*cfct»Wc***« 
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, m-ft^^p (sqw) mm. -fift^#p (dqw) mm, 

(MQW) $jgfc£©*?#F$^£^J&b;fcfc©Ti&c>T<bJl: 

5 rnvB^mmttti!)* %¥®&yt®&*&<Tzz.£&T?%%. $e>c 

CCD I nGaNUt .a^JK^OJKKblK Vi«IJfi1?*S S1B©±T?© 

-T£*£?L©&«>fcna!fcfc*ttRtf***tf*, MSi, Ge, Se/^i: 
10 ©F^-WKF&ilSilJifcS'f fcF-^fSUfcT?, *tU7*SOff* 

J&gllr^KMg, Zn, C. Be, Ca, Ba^t*®7^t^-M 

@ t ¥ff t? & ® ^ ^ wm&m ©m& rjb& u & m &m&M& z nx v> 
fc»-«B©s®±ic»i«-r«iit*«-efr*. 



43 



WO 02/07231 



PCT/JPOl/06212 



t> l < i tiiti 2 suns a \z\t, *rti?nmm& 

fcpJfiT&S. fftfrS, 3giSttrci&tt«£5&©*iiTfcoT*>g 
25 fi(5SW^)t^Dlilt5U SEM£J8V»ntf£ , 5 5©*Hi*C%> 
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f8,&m\z&?TMtfc,2n%m&ft<z)ftm\zmv^. 
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5 &ttl©*3»liiftt£, fc***±©»fcjM©l*fcJflttfc***©lii 

10 v )mm\z&&vtc%-m<Dwmt'p?3.< tbfrwanmtmmmt 
©&M®»©*ii«k o &*#<f jsttJifc&Asnswt© 

ffi«tS^^S^^©^^S«±fc£«)5^#®«i:©M^, 4>ft< £ 

W*tf3 0 umMOftyty^t- F*-?©«jftlCOV>T**.* t, IS 
lHt*lMif*6Ti»Uil , 8»t5Hlltt2 0 (imx 5 m 

t&s. Lfc#oT> &<£ji©gMft& 5 o o um i sk±\zmmr §c 
20 in?, E©»w©***$s##en*i:£K:fc*. mmz, m&fc&m 

®\Z&iS.W2 0 tfm3T&®©fcg4 5° 0E3fti$Ml, SttJltf* 
•€-©^MICl^-lC^^$ni>t, S£!©E®^«2 0 fimX 2 0 Aim 
/cos4 5° = 5 6 6 /im'^D, iili Jt^Tfilttl©^^®^ 

*+$MH*f* aiB©a*#:fc*frntfa&fc$i 
25 21 fcfcW 9;uy«:ffl© (0 0 0 1) is 

ic»r*ftSiB (l-ioi) m\tm 62°, -fr/uMg&s© (001) 
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ffiCMtS^H® (1 1 1) Eli5 4. 7 4 CO&WOm 

io ji«itt*n^n»«*ajfc»*bT:*D, ^©Sja^SsickoTSSacb 

^mfrfcOHTKHTS. £©5§BJ©¥3$#3§fti5lTO* ^©^ 

g&j&JKU^ViigHTf^, ^g&^Wfi&Tfc?), EOS89J&&T-© 

swr*»ajB*»«-r*-¥*#f63t*^©«!T?* o , sn 3 lh§ 
20 c+m&mfiLumi i t-rziy7 7 ^rmmi o±\z. srb-,sfc 

&S i N^fflV^c^T^l 1 2 ££®K:J¥£ 100-5 0 0 nm©g&H 
-CJBlfcU 10 0 /*m:g&©§§n£B 1 3*7*h l JV^7^-i7v 
lll-yft^ b*m*Tmi&t2> (SI30) o d CDifl □ giS 1 3 \t*n 
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T^Vi (2 0~3 0nm) ©GaNS (fl£i&A*y 7 7 JI) fcfifc^U % 
4m\Z^t£?\Z. *©&$£&&£ 1 0 0 0 < Caftfc±#3-£T->U 
3>H-^OGaNll 4 no->'j3>h'-y0GaNI 

i 4«TX^cDHPa5i 3 #**h*t?» ;!©$£*&£ 

o 

$S>tC-£©±K:V7s*Jl 1 5 SBM&U $ ££7* hU V^57W- 

io #©^fiji£j£:&£i±s. *■©&> rtA*»tt©tt*a©*Btts (i 

-10 1) ITlbtiS. jfcgBtWtfJS 9 fcV>fc £©#£&##£&*> 
©^#JTft;**$$£K:fc5£T~>'J 3>H-^OG aNi 1 7fr£>&5 

15 GaNll7©gI(t A^if^O^I^S®T?It)n5«k5(:fe 
5. £©&, WP«1 6©l£y^tt+#fc»UT:fe<&gi9«*3. 

an^I^^^&^U n> K-7°©G aNi 1 7tfJ$Lfcl, Lfc££< 
riEfiSffViAA«t©*€**««l 5-2 0 /tmig (-21** 7. 5-1 
0 timmm) fcfco&RU K*ttAAHi:bT*0-5a©l. 6«a* 

20 KI& 0 , Lfeii^T 1 0~ 1 6 /imggKlfcS. £43, £© 1 0 ~ 1 6 
itima£©lMXJ4fclw*C* 0, A 1 0 # m&T©lM XTifeoTfcfi 

-^OGaNl 1 7 SjfcftU *©«J$*fi«&ft»l/ InGaNll 

8***-r*. *©«j**a*fc±#u »6HK:wf 

25 ")Al«-yoGaNll9*l8*n. *•©!&© I n G a Nil 8 ©J* 
£&0. 5nm*>6 3 nma*T**. (A 1 ) GaN/InG 
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LT«gf&-f5G aN££te I nG aN*m\,*Tg>&m&t?%ZL t%$> 
5. -tOB, I nGaNOtacitttA 1 GaNi«fit5ut 

5JTI^>^b, * e>fc^0i^*bfe^^2 1 £T i/Al/Pt 

filfci^gKN i /P t/AutfcKN i (P d) /P t/Au&I 

10 pi@22, nii2 O^iJSRO^'J 3> K-:/©G a 

NI17 tYX ^©Tl:M$nfcy 'J a > H-^© G a Ni 1 4iO 

0±K:tSaaJitfe*'>U=i>H-^OGaNJSl 4 
LT^tfcfeSiiUTOi/'J n > H-^OGaNl 1 7 Sr^LTV^ 
20 3. ^Oi/U3>H-yOGaNll 7«SSi®tttMbT&5S 

nGaNll SjWj&SS'U £££^©1 nGaNll 
ltl/T'7^^>")Ah , -!/0GaNll 9^I^$ntV^, pli 
2 2m^^v")Ah , -^©GaNil 9 ©±® KlJ&J&£ ftTSS 0 , n 
25 ii2 0H AAII*»©«»TIIP*nfc«*fc»/«*nT*D, *s 
UD>H-yCGaNll 4*5>lT'>U3>H-^OGaNll 7 £ 
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io m&<m : mmz&<z.twrzz>. 
mmM2_ 

*nn&m* ^yT^rmm±\z^mLrcm^m^Mv> n©i 

7S«3 0±fc, £1-"5 o ox:©® 
fiT?A 1 N£fc«G aN0^ftl^OAy7 7lSMtS. 
Mb 1 0 0 O'CtdbTv'J □ > H-^OGaNi 3 1 £jWT5. ^-<£> 
S i 0,^fcttS i N^ffiVifcTT.^a^^MtClJJ^ 10 0-50 
20 0 nraOlllTDijcL, HI 1 0 £ 5 7*h'JV^77^- 

t77i^X-/5 1 t>hSffl^Tl 0 /im@^©R^«©*77.^fi|5 3 2 
£g|U fgl 1 ^iC^I-^atC^^T-f 7SS3 O0±WiSf?,S 

y'j3>K-7<5GaN|3 
25 "A\Zs 2*m&LT<bo--m%i&J$.&Zft5-t)^. Z\(Dt% 

K10 0 OX:Wimzf$.&Um*±&L, $/U3>K-y<Z)GaNJl 3 3 
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£j£:g-f5o ->'J3>H-ycDGaNi3 3 ttlo T V>£ »J 3 > H — 
7 p OGaNl3 l-htCBfe^TS^ t «6 < ftft&flfttt* t&fo±W \Z 

f&&\Z#m*frttZ>-£n* Afc«U!MK©5/U3>K-:/®GaNJB3 3 
5 t^l:fi£fiLfci^t)G a Ni 3 3 l^± W 

^0^?Fp1©^llO^J>e)©'7-v'>«r?SI^-r§«k5^G aNS3 

*a«©*$;£#£*m 5-2 (-53^7 

10 6fgg^t*T^t)^ 1 0~ 1 6 nmmmzteZ. 

1 5-20 /imgi^i^^o, Mjuf-xnmojztz&m 1 0 

Un>h*-^CDG aNi^l, *©ft/fc£il*fcffi»l/ I n G a N 
15 I3 4^St5. -£©&, #*ift*fc±#U ii 3 0l:itJ;5l: 
, 7^->!)AK-y©GaNi3 5§filcgtS. ^OlSOInGaN 
S3 4©J¥£«0. 5nmi^3nmiSTJ&5. 3 6fcSttJiS (A 
1) GaN/I n G a N CDif ^Il'^lif #F1& 5 i t 
fc&D, FltbTMtSGaNSfcai nGaN^I^T^t 
20 ffifefrZ>Z\t>b&Z>o *<Dn, InGaN0t<±0l(:f4AlGa 

ffiftiTSS InGaN13 4^i^pl^77 FJIT&S 
V^^i/^A K-yoDG aNl 3 5 ©— fBSSKfcifi^ftlTflft* bT-> 
'j3>h , -^OGaNl3 3 ©-§B£Efcli£-fr5. $ £ Id •£-©!& S l/fc 
25 g&KjS^gB^KT i/A 1 /P t/AuiS§iff5. dtl^n® 
@3 6 3 6fcA£«i±tejfcftl/fc«*JlfcN 1/P t/Au$ 
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fcttN i (Pd) /Pt/Au*Ift5. Z(Dmm\Z&V p€€k3 7 

10 77^7113 0±KlttJIJli:UT©5/U3>l«-7 r ©GaNJi3 3S; 

H©v/U3>H-7 , ©GaNi3 3 ttefg&b 

Tf£5 I nGaN!3 4tf$Jft3n. InGaN|34±l: 

15 . pil3 7tt7^^v"7AH-7*©GaN!3 5©±Il:ffi!c$nT 

J&SnTfctK ^'j3>F-70GaNl3 SKItttftttl/TH*. 

*3&«fcV/I I I Jfc**<f*z:fc**WT?»D, MSn5fi# 
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«fc ? \Z V XT # fctirA&JI © *> U 3 > H - 7* © G a N Jl± fcj&g-T £ t 
5 fgl|M;:A£$iJfm£*#3C:t#TtS. SI 1 7 0fc*-©<fc "5 fcS2!i£;£fc 

U n>K-7©G aNi 3 8 (CglfiS 9*^^$tX, -?-©M#^£© 

InGaNl34i^)i5gti, 7^v")AH-^G-aN 
10 13 5ii^a:5pI^7yHi, p«l37, nS@)«/&£ft, In 
G a NI 3 4fre>mg©i&:g©3fca*IS9aj£n5 0 

S«©^iBK:»UT«»bfcffiiSHift®i:UTSiSS^r 
r*Aft«t»«©«SSJi*a!K , 7^^'r»:t)-6J&«*rtfca:i:»T»ric 
15 1-S¥S^^^^©^JT^0, SHI 80fcV>bfg2 3E£#mLfc# 

g«£®&C+®£f £tJ"77'f 7S«4 0±fc, 5 0 0*C©<£ 
WlTA 1 N£fc&G aN©V>1*n^©A*y 77i§f^t5. ■?•©&# 
iablOO 0 < Ctc:LT>'U3i>K-7 p ©GaNS4 1 SlJ$T5, ^© 
20 S iO.tfcttS iN$ffl^fc7X^14 2$iIl:f$10O~ 

5 0 0 nm©ISH-e^^b, ^18 WMZm't&Z) \Zy 7th'JV^77 

Sfc£®^t4 3$f)«t§. n©wniJ©*«Stt^Dfc^*^©«f 

25 #CKl?fg> ^MSlOOOtT->U3>l { -7 a OGaNl440i 
irJ&&£fT3. 139, i/ij3>h'-7'©GaNi4 4ftRfOMIl4 
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3*»&Jfcftf***, l/tfS<Jfc*fctt#*£flH#SiB (1-10 1) 

^7^^©#|^(5 £^o«VM£fc5S''J □ > H-y©G aN!4 4tf$ 
5 fig^ns. f omfilSlitfitti^S I n G a N14 5 4 ^ 

MP?? FmtbTWif^i/VJ* H-^©GaNi46 
. ^©I&© I n G aN!4 5 ©J?£te0 . 5 nmA^3 nmll5t$5 
o Se>fcl!ttt£©^J£0>ll, 2£RI*K:, (AT) GaN/In 

10 G a N ©if ^Fi^^lif #FiS: ft 1 5 H t "b » t) , #-f FJf 
tlsTmm-fZG aNUfcft I nG aN^fflUT^a^iifrsciit) 
£5. •£©!&> I nGaN©t<l©Il:KA 1 GaNlSfilcItSI 

fc#a*b^j&w:* M^©^rai, 2tmit*§. mvii&&ft\z\t 

*•©&, TX#JI©-g|5£PIQbTG aN14 1 £$HJ$i2\ 
^■©Rfc£l/fc8B#4 7 luT i / A I /P t /AuSISlftS. £*l 
iiinii4 8t^5. ^fc*a«±K:jS*Ufc**JiK:N i /P t / 
20 AutfcttNi (Pd) /P t/Au£j&3iT5. HOlH#lC J: 0 

@4 9*W5 (£2 IB) . cn&©It©^. Pti49, ni 

@4 8«"5-n^*i^«k<s«*r5nt*^HT*s. * .2 2 

25 J*f*. 

H©«k5^Sl3iX@T©ii$nfc*^»J©^m : Ftt, f 2 301: 
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0±fc»S«JBfc&*->U3>l 5 -:7©GaNJB4 1£ 
^LTlSfiUfceftJii:bT©S/U3>K-^©GaNS4 4&^bT 
V>5. ^05*>'J3>H-^©GaNS4 4ttS«iiiltttMtt&5 

Tfg&JfefcS I nGaNjf 4 5)«J&£*U ££1::^© I n G a N/1 
4 5±IC^^y h*ItlT7^>")AK-^OGaNl4 6;«J&£ 
nTViS. P«ffi4 9tt t 7^V'>AH-yOGaNl4 6©±ffiKU£ 
j«3nT*5D, ni!4 8H *£«»#©«»« P*nfc«* 4 7 
10 IC^^^nT*5t), J/U3>H-y©GaN14lHl/T5/y3>H 
-7 p ©GaNl4 4fcftttbTV»3. 

E©.k3fc*3fiSW1"**&*W©¥*#B3te*^tt» M^©^»J 

Jtogmm^ft e> # u v auc? ^©# > f ©»**«*?* s c fcfc o > 
15 nwrntev/i i i vt*&<tz>z\£t>r»im-z$> } o. ^^^ns^ 
fB^^osttffiflsftHsnt^-r**. g«£®«c+®T& 

wttt, a*irt«^***4 3 ©lea^tc 

ztwtz. 

25 »«©IBSJiSri6**"&T»lS-r«¥iB#583t* : ?©«l'T?»0» £2 4 
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mu\z. ®urtv7Tm*M&\s, ^©mimu 1 o o o'CTSgisss 

Jf iUTODv-Us^K-yOGaNjf 5 1 S i O 

5 ,i;fcteS i N^rfflVifcTX^l 5 2 100~500nm 
OiBBTf&fiSU I2 4 0l:it«t , 5l:, 7* h U 7 #77<f-t7y 
g|^Iy5 1 t>hSffl^T 1 0 £imHg©RJ&!t£©§8PSI$fr£>fc5®M 
*S&5 3577^15 2fc^J&T5o ^©i:t©-5a©^(Slttl - 1 0 0 

10 

is&p><fc&*miztmm*sm (1-101) 
^u^^<^&^^, A£8t®;*:#£#<ii2 o jimgs <-3a#io 

1" 5£SH2 5®lc^TJ;5 1 6 AtmM©M*£5 3 J; D <fe 
20 a*® 2 0 /imiSBIISii:^, fll & 

I n G a NB 5 ^0^, 312 6 0l:^t«}:5 

25 -yoGaNi5 6^S$t5. ^OSOI nGaNi5 5®IS(i 
0. 5nm*5 3nmlM§. (A 1 ) GaN/InGa 
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T«lt81-SGaN*fe« I nGaN£JBV>T^S8§ii£T*J:<i: ! &&5 
. InGaN0ta©ll:ttAlGaNlS)$St§i:t^ 
S*b^. Jl©g!FgT» I nGaNil 5t"?^^->^AH-^OGa 
5 NI5 6Hl!l«5 3©^H©^i'l5 2 0±$TSffi^n, JfS 2 
SItJ&5'> 1 J3>F-^OGaNl5 4©£##&;®$n> iSftJlT? 
&5 I nGaNS5 5, 7^i/")AH-yOGaN15 6 0*fi&tfjg 

T^^lO-^iab^CGaNiB 1 *«fflS"fr v £ 
10 f «5iSlfcg|i^5 7tT i/A 1/P t/Autl^If t5. £$1 
^ni!5 8 tteZ. 3 6>fcA£gt±{;:j5fcgl/fcMjlK:N i/Pt/ 
AuSfcttNi (P d) /P t/Au£&3fr5. iOlfl:<J:Dpi 
@ 5 9/&<5u/jfcT3 (I2 7g|) « Htl6©«?»OR, P«®59, n* 

as 8»*n*n«i«j:<«i**r*2:fc*«^!nf»*. s&2 8 
tctey^v-fc z-zftm-rz . n n k £ o *$ffi0y tas ssft^t ^a*^ 

20 1-S1^7T-rTS«5 0 ±\zm^mmtfS.^zy^^>\ t -^(DG aNl 
5 1 ^l/TJSIUfc^2^IttT0i/'j3>|<-/©GaNl5 

# 75: & m & § <fc o \z m & £ n t v >s . 

&£InGaNJI5 5#J&Efc$ft, S^tC-^® InGaN«5 5±Kl£ 
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7V Hltlt7^^'>^A H-^CDG aNl 5 6 #J£/&$nTV>5. 
P m@5 9 «T^*->9A H-y0GaNi 5 6 0±Mfc:JB/fc£ tlTfc 

5 NI 5 4Kg^l/TV>£. 

^OGaNl5 4, I nGaNJf 5 5 *3£l/T^*~>^ h Y-^OG a' 

15 I n G a NI 5 5 *<ktf7^ A F-y©G a NI 5 6 I: 

i^T, '>'j3>H-^GaNi 5 4 ©£##$M$n5$ii D 
> §15 5, 5 6©««#S»T*#Jlfc«T**$eicTS££#T# 
So §S^ltS-7X^I5 2 fc&UT«&JI^£fc«'r 

HWStf'J £AJK^®#> FOR****?"* nifcfcD* 

V/I I I JtftK<'T«^t* J flI«BT?*D» »**n*¥»#»3t*^ 

©iS&fiHb£05£<i:#T£5. £fc, g«£@«C+®Tr&0* S® 
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5 ^Hffiflil 5 

D» ^3 O0&V*l/^3 2 0£#Hbft#£>-?-©1$i££^931*&» 

io s^5o±ic, t»a©#iiit«i:n«ifc» wy77iMt, * 

OtMbl 0 0 0rai^IttT©i»j3>H-^©GaNl 
5 l£^fi&T3. ^©m, S lO.SfcttS iN^^m^i52 
££®KlJ?£ 10 0-5 0 0 nm©$BH"T!?£JEfcb, 7th'JV^57>f 
-£7y**Xy^*> h£/flV>Tl 0 m@m©n7^#©l8 Og&fr & 
15 fe*8fi«mi'15 2l:»*t5. -© t#©-5a©:frft« 1 - 1 

#£?SS. J&Si&Sl 0 0 0 , CTi/>J 3> F-7©G aNl 5 4©^ 
UricfiSfrSo £«K ^U3>H-^®GaNJB5 4ttn»©**«6 

20 3 ltf6<*ftft«^i:fli* I SjS (1-101) 

£9ft3*£ft©J§m£@MbT<5. tfftl*W#J£DfcV>»'&fiAfc 
«#»«IC3a:«*«, AAi*5/'J3>l*-^OGaNi54t»rtl/ft 
«1«6<J«***^ *ftft©*#3#«2 0 urns* (-32*5 10 
tf mit) fcfc-sfclK. »3tt*a*fcUT*©-ffl©l. 6fggg£ 

25 1 6 /im8ft©*««5 3J:0t>M*«JS« | ofc^0a>H-^ 

©GaNi5 4^fi!$$ns. AAHO^SS^IS 0/tm8« 
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tlt^S I n G a Ni 5 5 ^fiSfiTS. J&:5i&g£f9tf ±# 

5 pii7 7 y HSt IT©7^>'!)A H — 7<DG a Nl 5 6 

I nGaN!5 5^7^'>!>AH-yOGaNS5 
6 lCOV>TteHJ£0!l4 £©©:PgT, InGaNl55^ 

V^i^A K-^©GaNi 5 6 5 3 (DmmwZZM 5 2 

©±£TfM£E£n, ^2^1Ifj55>' , J3>H-7 P ©GaNl 5 40 
10 fS&Jl-e&S I nGaN!5 5, Y^AF-y 

OGaNS5 6©«»a*#Jfc3n&V>Efc}&»5, SH£JB©$&ft;&**&fc 

g&5 0±O^'J3> H — y©G aNl 5 1 ©-g&RfcSLfcSBfl-fclT 
i/Al/P t/AullSIit5. cn#nM6 1 tts.Z>. t£ & 

/P t/AuSftBN i (Pd) /P t/Au§Itn. CinKckO 
piS6 2^«t5(*3 0H). — ttfc, AFMT?^6nfc7fy^ 

20 H©fc«>, H©W±C!)»«'ftl|IViTp««6 2 fttW*. "cn6 

©£36?©l», p«!62, n«@6 l^IiT*5v' l J3>F-y© 
G a NS 5 4i^^0Tl:^tlfc'>U3>H-^GaNi5 1 

fc©3R*ic3ViTb*5 tfiHi/Tbs^oT, ^n^n^m<fc<^« 

25 fet*7?»«*r* (SI3 1H) . CftfciD £©$B9ifc J: 
*©**»f«*3 2Hfcja*T. 
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HOJ: 3fc*a^¥iMMStt*#T?B\ ->'J3> H-^OG aNl 5 

4, I nGaNl5 5^<ktf'7^-> , )AH-^GaN15 6(D£$ 
*fctt-«»3&«*««5 3©^i®7X^15 2±fc*TM«E$nS. d 

I nGaNi5 5*<k^^^AH-^0GaNi5 6 Kl 
i ? T, '>'j3>F-y©GaNl 5 4 ©£##fe^$ft5$5i fcfc D 
10 ,#15 5, 5 60*»*li* , 7^i'il:*f4*att5ti*«Tf* 

20 nmm4tmu\z. m^m^c+mt-r^yT^T^i o±\z 

0 0 0t:til^ItlT(Di/U3>l ? -^©GaNl5 1 *Mf&? 

5. ^<0'4k., S i'OjtfcfiS i N^ffl^fcT^^I 5 2 ££®CJP2 
100-5 0 0 nm^|gaT?7^^t, 7* h U V^57^-t7yK* 

25 Xy^-r>h£/8V>Tl 0 MmgflEOP3»tt©RlO»^5fe'*««*ft 
77^15 2 t^m-rs. HC!>££tf>-->2<Z>7jfltel - 1 0 075ftK:M 
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fr\znm. 0 0 0 , CT-> 1 J3>H-y©GaNi 5 4©£S 

ftl«««ff5. *£30, ->U3>H-^OGaN«5 4ttH»©nP«^ 
6l«*r*^, Ltf 6 fcHHtfSIi (1-10 1) £0 

10 &Jl£fc5 I n G a Nl 5 5 *1&&?2>. *<D'&, Jfc*fi£*Btf±# 
vM9 5v \ t M£VT<D'?{f*5'VJ* F-^OGa Nl 5 6 £j£ 
§St5, HtlS I nGaNi5 5 -^T^* v"7 A K- 7©G a NJi 5 
6\Z*D^T\*nmm4tmm'V$>%>. ZV&Vgr* InGaNl55^ 
•7^->C;AK-yoGaNi5 6 \t&mm<DMWi<D*? M 5 2 ©± 

15 ^-CSS^n, m2^1Tab5'>U3>H-7 P OGaN«5 4©^^ 
5&*&Jg£*U S14i"C$5InGaNi5 5, A F-7©G 

aN!5 6 0*»#»JfcSttfcV> fiH4J|0£flS*jfea&fcl»Jl: 

20 ©G a NJI 5 6 ©ft^B© S p €81 7 1 £^j£-f5. pf!7 

1 Z&f&Ltc'&s iJ-77<7Sli5 O0^®*tR I ESfctt^iJ— 

tC#H£T5 (£3 40) . ifcfc, x*<>Tl'~»J , «8?&ffiV>T, D"77 

25 ?>tfvmiilsfz'&, *f KOlil^fcilCT i./A 1 / P t/A 
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X^S'Tl'— If ($fi2 4 8nni) T&5„ 

&<,>T> «lBfc»#1"*Ga-ftll§l*l/fc*, *3 6HBfcw*rJ;3fc 
, t77^7Sfi5 0 SrfiJIILfciS^N i 7X^at*0?Xi7M&i)il 

**Mfc»*bfc«, **«0Mr«#fcT i/P t/Au$5W4T 
i /Aufc£^Sft£«&7 6£7£/&"f£. 
SI 3 7 BB^lfc^mf OlKISit. ±|3nm®7 3 tt 

®lC&CT*a^©lfflPS&7 5ftn««7 4lC*-r*. £ ©£ 5 

£/8V>T#$tU Ht^©«M3 £5193^11 7 6 £^f&bfc£il3£*-r 
fc©-e&3. fc£, *^ffl#tti&3 7HfcwT*ii©fc0£ia*K:* S/ 
U n> F-T'OG aNi 5 1 ©±K:S£$nfc'?;*:7JI 5 2 
, ^ft«t»ttC*ftbfctt*»»lC3/U3>H-7'©GaN»5 4, I 

25 nGaN155, >f*=/* A K-7*©G a NI 5 6 
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jj&SttfclTO (Indium Tin Oxide) fcZ<D$mM'Z$> : Z>o 

^©.fcSfcEijii-rS^"^ *> U 3 > K-7*©G a NI 5 
5 4£<ktfT^*>"7A H-^OGaNi 5 6 fc&£ttfc«&S t UTO 
I nGaNi5 5 *>&38£b&3fett»93*«7 6 SrSilbTUtn-f £. 
^4 O00#«^S§^^ : P«> *©*£&±* TX£® 5 2^#f5fc 

i76 HJ'iJnV K — 7*©G aNl 5 1 ©OTfcJttt«]£V>iiMlT!J&& 
^CniSHtl ffib©fc&©T7,:7S©;&IlI«^g , rfc5&J6 
20 *«017 

25 ±fc, £T 5 0 OTJ©fifflT!A 1 NSfcteG a NOVif tl«>©^y 7 7 
S^ricTS. *-©«JMIl/ 10 0 CCfcLT^U 3> F-7°©G aN 
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18 1 £J£j$-f 5, S i 6,£*:teS i N^^fc?7^18 

2££@K:J?£ 10 0-5 0 0 nm0tBHT7#JjKU 7* hUV^57 
/f-t7^i^X^5 : t>Kffl^Tl 0 tfinx 5 0 ummg.O'fcftft 

0 0lCS*fc±#U '/ij3>F-^©GaNI8 4fc»lif«. S'U 
3>F-^CDGaNl8 4 ttT^^O«fR*8 3tuSft*rd^. b«S 
<rt«fttt»Jftt»4 2HKw-r»*©»*»«*»MUT<«. 

fam&oxft&o&Mfcsmt 11-2 2ircB:hns £3K:T*. 

10 ^fe< fc'b+»ftl9M39«ftilUT*±*«)ClB*iaff :i P6fcfeD** 

. *0ft*M*ftft*tT, I nGaNi8 5 fcfifcfi-f 

i)AH-y©GaNi8 6S)iliS3tS, -?-CD|&0 InGaN|85© 
15 *SttO. 5nm*6 3nmSm*. «6fctti!E©**«l» 2t 
mmz. «£JI£ (Al) GaN/InGaN©lf^lt#Il? 

nGaNfcJBVit^mfciSfcTSZi:*)**. I n G a N Ot 

<±®JifcttA 1 GaNIS/$gt5ui:MSl/V^ ta$©gi5S 

20 0!ll> 2£|!>]&T&&. 

^tf>&> T**Ji0-tt&Hnl/TG aNl 8 1 £@ffl£-&> SStC 
*0»*Ufc»»lCT i/Al/P t/AutlSiit^. Hft#n 
H@8 7 S^l:^i±fc^tfcigiCN i/P t/Au 

$fc(iN i (Pd) /Pt/Au$Ift5. ^©^iffc«k0 P«@8 

25 8 *^t5 (»4 3H) . 5in&©fc*0l(U pil8 8, ntI8 
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S-TSR^jfiSWbT^D, Siia:ttT?ttfc<, 1 1 - 2 2MfcJgj&£ 
5 nfc'>U3>F-^©GaNl8 4*f l/T^§. ^©.fc^&lftjit-r 

15 nissi;:, Wy7 7iMb. ^©MiLiooo , c-ee/'jn> 

H-yo5G aNI 9 1 ZMfc-fZo *<D'&, S i O^fctSS i N£ffl 
Hfc^X^S 9 2 ££®£JP& 1 0 0 ~ 5 0 0 nm©t&ai?^EfcU $ 

ffiViT 1 0 /im@g©R7£$©PIPa5fre>ft5®^ 9 3 fc^T^Jf 9 

o 

^tClSS, ^SMl 0 0 0WJ3>H-^OGaNi9 4©» 
3#>&J&«1~«#« U*S<JS5£ttttS£ffiH**Siii.<l - 10 1) 
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ofc^^lO»J3>h*-y©GaN19 4<DMtfi*Mm?Z> (1460 

) . £0±®at¥SftA£&£®^ft^ mmo^nm^(D%0 tit 

5 &Jl£ft5 I nGaNl9 5£f£:gT3. 114 7@(:^t«k5 

-^0GaNi9 6£l&:g£-&5. -?-©K© I nGaN!9 5©I$tt 
0. 5nm*53nmg«nD, If #FI1»#llf 

io -cabs. 

*©ft, "7X^®©-S15&MP tTG aN!9 1 S 6fc 

ZrOm^lstcnftQ 7 KIT i / A 1 / P t/AuiI&ISt5. HtX 
tfnM9 8 $ & fcAAH±teJ** bfcft^Jf fcN i/Pt/ 

Au$fc«Ni (Pd) /P t/Au£^f£. £©**1CJ:D P« 
15 @9 9#^fi£-r<5 (H4 8 0) . £ CD^if OK, ptt99, nS 
1 9 8 tt*n*n*« J: < iUtt * I! . *<D«, »4 9 

7 7-f7S4K9 0±t»*Sft*->U3>l«-^OGaN|9 4 tt, ± 
® a 75: A A ^ * T? * 0 > "IS ft * © ft < ft V > II £ $ £ ® * # 6 
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-><j3>l«-yoGaNi94, InGaNi9 5^i^^ 
^i/^AF-^OG aN|9 6 9 3©^H© 

S^^«lai©g:Md^fP$n, nii9 8tp!II9 9 %mMfcftm 
5 UTllSSMTfS. I nGaN)l3 5*3<J:tfT^*e/££ K 

-^OGaNl3 6®*ga5#E&TX#JS9 2 fc&T SStiifcTS v ^ 

m&&tfm 5 2 Hic*r*»#»**^ 5 0 

Tlfc*U '>'j3>F-^C0GaNi 9 1 OSIIlnti9 8 b£^J& 

>F-^0GaNl9 4, I nGaN§9 S^i^^i/^Ah'-^ 
©GaNS9 6 ©ia*t«-WH«0l3H® , 77^i9 2±l3^ 

-«££ft> -e©s«ic«pm@9 9*^^$nxv^o 

d©|g5 1 0£«fctflf£5 2HC*-T«Ji«lfc*V>Ttt, nii9 8 b 
20 d<i/ij3>H-yOGaNi9 1 <DfiB^^©^ttlU^t^§T7»^ii 

25 <D¥Mft%ytMtt&\,*Th, ntt^9 8 b Ottfr D K I TOI£&£^ 
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5 5. 

10 fg^clC T i / A 1 / P t/AuiISlf t^uttW^nS. £ 

#£*>0-e&5. Ni/Pt/Aut&ttNi (Pd) /Pt/ 

Auii&Ifl'TpiSl 0 1 ^fjStS. uOpill 0 1 fcj£V> 

iWg, £fcp«@ 10 1 £^giJfc^J&bT&ftLfc{I^-£&Siat/T> 

fcro^-fsctT, ^ft^>7;w*5— OH********"?**- & 

*>U □> b*-7tf>G aNl 5 4, I nGaN«5 5 £ v;?*^ 

25 &mm<D®mm%itsti. nisi o o tp««si o i*mmz#mis 

Tm®Z®±r%%. *fc, InGaNl5 5*J:^^^AH- 
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7<DG a Nil 5 6©*»#it«T**JB5 2 fcSrrSfcifilrr* H 

5 gmsfli i o 

fe«Ri^^fi©lllffi^JT^?) v 1 2 0±l:« m 

©ptil2 4l:t*mT5&»OBil2 6R, 12 6G, 12 
15 1 2 0 ±1:147^^1 1 2 5 *«»4*nf K»*nT* 0 , ^©TSB© 

o 

20 jfti^n^nettjpic^snfc^uss^ri/TVi*. *e»i 2 6R» 1 

2 6G, 1 2 6 B KM L 3.3 H*«*S«fcbT 
2*7C©lB#*^1' ; 5 2:i:^pJIB v e*0, £13111 26R, 1 2 6 G 

, 1 2 6 Bicraflt#**A*^fcT?» HRwgiifcUTfwr* 
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±fc*»«"f 5£ttT«fc< , S i ±£*8$J9 0 OtTGaNi&M 
b£9> S iC±fcl 0 0 0tTAlN§5 n mj£:g$ -t§:fc&G a N £ 

mmmi 1 

*iii©^i#^i?«:, 0!l;tfc£C (0 0 0 1) ®U-77-f7S 
&©*q#j£;Sg&l 3 l±fcnMGaNJffrS>ft5Tit!lfifc;&!l 3 2 £ 
MOCVD (MOVPE) &&££<};D8Sl l J&£U ^'Jn^bE- 

T05"7 7.^S 13 3 

3 3fctt*a#fc®HOfltt!**«**l 3 4« 

OigS^SS 1 3 5*«$tlT^5. 1 3 5\&mX\X 

15 nlG aNH^A 1 GaNlA^^D. *-©*MB«:l&IE = A»#fcfc* 

jgrHticgJi 1 3 5 ©*«Mfc»bT*»Ufc***BttSm*fcti 
S®t«0&®S^UT*D, tt*J*Ml 3 5©£ftSB©Ji&fc££ 
20 HibT^$nfcni^77 Hl©±fc«i4iB l 3 6^i^pi^7 
y HJBi:UT«tt-r**2i»*Jll 3 7 *M»J13ttTVi*. tnfeStt 
11 3 6^P^7>; H«fcbT«IBt-5»2*«Jil 3 7»«S 
3 5©Sffifc*B"r*«fc3fcJBriE3ftTfcD, ISttl 1 3 6tt 

ajRj*«K:j:o»i**nfc*ina*ii 3 5©siBK:ftt>T$£g#ii 

25 3 l©i®{C¥fTT^<Mffi$nTVi§. SB2 8M1 3 7'ttf!*.fc£p 
iGaNl^A 1 GaNl*5ft5. SttJi 1 3 6 ±fctt^fo<$>* A 1 
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%2Bmm 1 3 7±tfcL T>mu£VT®m'?z>%2mmi 3 

*tfN i/P t/AutfcttN i (Pd) /P t/Au^t^i^I 
Jl{C<fcoT^^$nT^O, nililTMtSflill 3 8 
5 &tfT i/Al/P t/Au^^fO^H^MMlCfc^T^^^Ml 3 3 

?£ftjf 13 6 fc&ASnsm^g£Mft£it-£££* r ™T& 
10 #tfiH4«6«i^^^SSl 3 5 0SMld^^T^S«l 3 1 

fc*£^§&K:te* fg5 5it:iti5t» Sttll36©IiS$i 
11113 8MS2^I^11 3 5 £g«£®tC^&Lfc^$i 
15 IiS10» (S1+S2) £0 fc£e>fc*#fcffi«£*rbTV>5fc© 

S 2 &20/imX5Mm5gg (lOOjtimHSD , ?gttJi£SEttbfc^#^ 
20 i&S 1 i*>20tf m^gg® (400Mmgg) — ^ 

iRj&£{C£9^J&$ftfcii§llrJ&:gJl5 KJl5&#2O/im£|-e&®0£g45 

6 <3Di^@s»f*20/imX20Mm/cos45 0 = 566 /u m'tfc X) s S® 
£/BV> (fcg$6 2° ) KteHlC^tt/fOMSrt* 

25 it^ct-S. 
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S L/c fn-6n^l3 3CDltWl (8§5 6H# 

SttJI 13 6 &f&&&&m 13 5© SIl:j»oT)$§SS 13 1 ©£® 
5 l:¥fftft<IftSn5^}t *©fittll3 6©iB«Slt ®a 

w i *&mmmvf 2 «fc o a** < & o , +&ttmifi d * >b oTM$n 

3&W&V/I I I JfcftM<-r*Ili:*«Rl1IBT*0» ^SicSns^fi 

£Xy^>:?T£;i<h©&g#fc<fc5. l/fc^oTSttit^LT^ 
thfc^*-5>#fc<&*. *&. Mfc<fcoT$Si4JIl 3 6©W8)®« 

. %mm i 2 

#Hfl§0!ltt> * h ^©ISftJfcftl 1 5 4 fcfifcggfc 1 5 0 ±(C 
J£$-r50!)T&?K 315 8 0fcjKT«k5K:, 1 5 0_hj£j&£ft 

}tTtf!^Sll 5 1 ±©"7 7.^11 5 2 h7-f y^©^ 

25 Mil 5 4#J8^$ftTV>£. 7h7'f^OieMSI 15 4tt 
*-©<M® 1 5 6#S®£2*U «»tfcfll® 1-5 6lCb»tt» 15 5*i 
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M&ZtlX^ igtt'l 1 5 5 <Dm&t*& 1540? 

giftsm 3 

5 &Jji$&Vl<Dm&J$.&mi 6 4$fil5fiSSl 6 0±£J£ 

j&TSfllTfcr), ^5 90^^-r«fc5H, )$gSlil60±M$nfc 
TifeJiSMl 6 liCTXi'i 1 6 2©]gi^6Xh7^^M^ 
S^^^Oig^^S® 1 6 4«$ntl^. ^^^^©igSfig 
fiS 16 4\t J £0MW 1 6 3 S#Sffi<h$tt, §##|6]CD$8jgB©® 1 6 
10 4« (11-22) MtStlS. ^ilJ&gJi 1 6 4<D±W 1 6 

ill 63S> ®164, ±® 1 6 3 CKfc3g£$n, m&Mommt 
15 glffifli] 1 4 

T^/&gJIl 7 1 ±0-7X^11 7 2 0j6I«*57h"Ji?7ttl:E?l 

$nfeyi^->TBan^^^«©^s^ss i 7 3?«jfc$nTv>5o 

20 Ba^«l#^!KOjSSi^fiS 1 7 3te^©M&U£-Ml 7 3 S#S® 
£i£n. 1 7 4tt (11-22) iBtsn*. SSil 

j&sjii 7 3©±® 1 7 3 ctemunw tmv cm tznz. m&mfe 
m7K*4imvT^2>w. ffi®Lfcwwi 73s, 1174, 11173 
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mmm 1 5 

#nj60yte, ^6 iHi:sn5i:, x%m&vi®m&i8,&m 1 8 3 
TMin 8 1 ±©-7t.#jii 8 2©jsifi«*67 b u zxmzmm 

fc£S®K:#oTa§«E**U «ftS©®SH;i:8§ilJ&:BJIl 8 3©^&® 
io ^fOflii^iJlcll'efS. 

3 19 0 ±fcJBri5"r*«T!* 0 , JfcSSfe 19 0 ±J&J&t£tl 

tcTMffc&mi 9 11077^11 9 2 h'J^XttfcE 

. Afc$lJ&#©5i8&J$&B 1 9 3«*©«#Ufc&«i51 9 3 ' S#SH 

tzn, ±® i 9 3 c*«*«isitrai;ciBtsnTVi*. 

tt$tt©i&Aj£SJI 1 9 3 ©j£ little ft ME (1-1 0 0) ffifete^ifc 

20 ©«k5fcfc0, «ttbfcfcSiB*±tfCBilCl&oTfc«£3*U J£ttH© 
i^^i^Il 9 3 ©9«ffi8UD Xfcfc*. 

5. 

Sf!6 3 0ftV>Lfg6 8BBft#J»UT*©«a^tt*iai«K:»Wt-*. 
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816 3m\Z7jk?&?\Z. U-7 7< 7g«fc£0fifc:Sg«2 0 0 ±\Z, 
niGaN!201 STi^Ii t A MO C t'l:<t 0 

7&/£-r5. Z\<D£Z. nSGaNl2 0 1ttl«I)5 s e.ni-CS5M« 

5 ^tTnI©GaN!2 0 1 ^^tSet^tfS. 

%MfcT2>mmz#foLX°rz>;m2 0 2£&£l/T*£i^#0®#iJ£ 
10 2 0 3 £&&J£j&-r£, 

I^ViT, Jfl6 5 El^^-r^^lC MRf&&tfftt>tl, &m®2 0 3^ 
£&gif&:BK:J;0i&ilj£MT?fc5nl! (Al) GaNS 2 0 4#J« 
$n-5. L©ni (Al) G aNH2 0 4\*>77V FMtLThmmV 

15 Z<DM&lsfcMm\ZttisT-2t>\zm&miite%> InGaNi2 0 5 i 
vM (Al) GaNl2O6^6 6 0OJ;5i:ilt5, m&MttZ 
5InGaNl2 0 5 WMglT?fe§ (A 1 ) GaNi2O40S 

®ICt»oT^SS«2 o ociii:?TO<i«E$n, ^-osti© 

20 D, Sfe^TI^Sns. I nGaN« 2 0 5±fcttA 1 

G a NlS^^lTt)^^. 
&K1SII6 7 Hfcw-r«k3fc, ^X£Ji±fc«*tfpoly-GaN#j£:B 

£fc«-^£LTn{fiiJ©:3>*? hm^2 0 7 £?&J&-f 3. &V>T, 
25 If&i!ia!3piI2 0 9 tft5Ni/Pt/Au^Ni (P d) / 
P t/Aufc£\ nii7 8 tftST i/Al/Pt/Auai^3> 
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*>? h®$2 0 7 KU7 Y*7lS.£\Z&y)ftfoh (816 80) , 7CK 
£©&, §r?ISl©#Bi)«gft*§£, **«iS©tMXrt«i&aB©J:'5 

\zm\ztb2^ctfrt>, *n^no^»ttBMiT***J, *7©s**s 

<fc DD'7T'f 7SSi^ § £ 5 SIS (APL-75-10, 1360-2, W. S 

10 .Wong etc.) t>&*. cnSfiJfflrn«77V--*>3 >|*|fcHi 

15 &&t*z.in:. **v>M^igttJi*»s 

8£6 9BHc£ttm 8 ©¥*#»&**©«££*?•. J$SS«2 1 
0±fc«#ttfcSI2(fcgB2 1 l*»»rt3*U iI2^fiI2 1 1 
5 «fc 5 \zm 1 Ml 2 11, SftJI 2 13, £g 2 S£fl« 2 1 9 jWBJSS 

20 *i5. *«te7x^it«**stiTua^*J, 

25 S^ilciMltir), tSftfi!Sftr«JitT?ra*©sfifj£iBS»/a6T?* 

, ra<f©3&***&n*. 
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vfrymmnsknit* (i-iod m&>ty\z*> (11-22) ( 

5 1-10 0) mtaZo&fefttf&r)* cne>£gE^fifcb&1Sfiit;:ov> 

iS^LEDWtlT-«A 1 Ga I n P ^i^mt^/vM 
®Mm&r&zw. (0 0 1) Ml^tt (Oil) I, (111) 

®, (ir-i) mis.zo&feWfiibQs mmtsL0ift-etfL&tzz.t\z 
mmm 1 9 

0 0 1) Iit7 7-f7SSOiDf^St2 2 litnlGaNI)!^ 
&5TMII2 2 2&MOCVD (MOVPE) £ \Z «k 0 Jg^fiK 

15 fi-rs. 

JBJfcT*. COYX^|2 2 3 fcttA£j0#©HP»Tfc*JS«tt2 2 

• 20 HH^^©ii§^^S1 2 2 5jWBJ5fc3nTV>*. COiga^l2 2 5 
&0!);L&nS{G aN!^>A 1 GaNi^&ftD, ^-©Bfr®«B§IE=£^ 

25 smtmrn^m^vx^^o. $§n/$£Ji2 2 5©s^SB©iig&<i:& 



78 



WO 02/07231 



PCT/JP01/06212 



122 G&kTfpmzyy \*mtLT®m?%%2mnm2 2 7ttttA 
M^i:«kOM^nfcieafiicii2 2 5os®ic^ot^««2 

5 2 10£ffifc¥frTfc<8iftSftTV*.5. $ 2 S«S 2 2 7 tt0iJ*Jip 
iGaNitA 1 G aNiMftS. ?£ttJI 2 2 6 ±fc«V>fc>«$>3 A 1 

2 2 7©^®d^»C^^'r5^2lt@i:©#St^0> 
12 2-6Tffg£bfcft0£a*M2 4 0 tStlS, 
10 ^21112 2 7±fctt, %7 Omz&^T*<Dm**£MVT^Z> 
pm^tbTatg-r§^2«@^A«N i/P t/Auft£<D# 

i/Al/Pt /Au&£©#S&JgJlfc£:pT^;*£Jf SPSPLfegS 
15 £<D^fc£JBV>T7M£n5. 

&&&\z&?TMi&isntzM®u&wt*tft\zm&i£ftr£K%m2 a o 

20 2 4 0 ©S«lt^i>M^^®tt^^SS:fiJffl tTT'D-fe^i^SH 

sg7 1 mfc¥Bfcftftm?<D&n*7K-rmmwr&z>o z\<Dm\z&^ 

Tte, fifc:Sg&2 2 1 §W^x=lr^i/- !f©{$lt&£K:ck-3T 
25 l&OftbfclijitftoTfeO, 2 2 <Z)&m#ftJ& 0 lii 

2 2 8 £bT*ltiT£. Tfl&^®2 2 2 >J □ K- 
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%i §mz.7ht &*>\z, si4»2 2 6fr$%2mnm 2 2 7 <w m ^ ^ 

nfctt«EI#®2 4 0TK#l, 3t«DWl/*2 2 8*>6»aj-r*. * 
fc, S&B2 2 6*>&ft3tDHib8 2 2 8fc**LTtttHU ft&DtiJb 
5 ®2 2 8©®-C£RI*b£J§'&T*K E#fi!l©EI*®2 4 OTEItLfc 

10 tr*fc©, JMBfc#UTt*l*A*©»tt£filtT*. 

<*>c= S i n"' (n,/n,) 
(<f>cte#ffi^©Att©i&#*l, n„ n,«-?-n^n^gi5, l*|g&©fii>T 
s£T&D> n,= 1 , n,= 2 . 4 t;:£V>T <f> c= 2 4 . 6° **?&.*. ) 

t#fc3'6tt««iBii*nT»io*fticK»'r*. *©&«>3fctt0ttibJ8 2 

DffiStl*. b&#oT*©»©*Dfflb»*J»«fil±b, »**t**< 
ft*. n©J;5K:*SStlfi«©¥##58^*^fc*ViTtt, WilEteftttD 

ab»*3»j*#*n, ©ifisffftftft-r-rft* c £#■<?**. 

f|7 2 0&V>bH£7 6 HttR»lSOSi*l: , 3^T'>5 a l/->3 >b 
25 fcfc©£>KT0TfcO, 117 2 0tetm©7cK:ft**§ilfi£:gl© : &x<>l/ 
**-r»«HT?*D, 217 SBttaftttSttfcttJM"*^©©^^* 
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, *7 5 0«g$##ft£^fl^5fcfc©^xJW£*1-0Tfc!K *7 

fc, ^|gfe#fttUT, £«£B8r#n=l. 6 5 ©if7 r-f 7S«i 
10 SJf^n=2. 4, R»iS0fitt*7 0K*C»3 1 0 tfmfcttfcl^ - 

15 *7 5HKw"r<k5fc, iii$##tt£bT, S^*H^f^n = 

1. 6 5©tf7r-f7S«iU jSttH#SSd/2©ffcirT?Stt2 0 
W m4§T#SU, HSi&JfcgS&JBSr*ii = 2. 4, Slt®©^M^7 0 
XtKJtU, HdT!Rif®(Sffi)#JBjfc3n*a«tt6 2gtitbT 

-6, nne.^7 4 Hi* 7 6Bnc» , r^sav-->3 >©»**> 
a&i&mx&Zo 
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®%:\zmzx. mm±mz$sLTm®vrcsm*mmtz>z.bfrz>, * 
10 <Dgmm?frzxvv&m?^<D#>\ t <D&&%ttzzt\zteK). $z 
$i$fcv/i 1 1 &*&<?z>z.ti)f5!m'v$>r), 

®3im\zMi,TM&i,tzm&fe&m*m^2>z.tr, ^mRM^±t 
15 zztb^z, &£Lizytz%i®&<m : mmzm< zttfrzz. £ 

fc, 2 2 6#&ttt;:^UTV>S$j§££3fc«>, S&1412 2 6 

*t /jn $ < & § n 1 1> & v i i: v i o m # e. n £ . 

20 ^USAI 2 0 

j&/&-r s^jt&d* ^7 7mz^t^t\z. f8,&&m2 5 oji^^^n 

fcTH&J&S/f 2 5 l±CDTX£g2 5 2 ©l!l^^Xb7'f^O^ 
' AftftJI 2 5 4«Efc$frlT^5. X h7^^©iS^i2 5 4tt 
25 *-©#J®2 5 6#S®t£tU fli&bfc{M®2 5 6fcfcJSttJ12 5 5^ 



82 



WO 02/07231 



PCT/JP01/06212 



2 1 

**«08W:. *#£»*©»ft£*JB 2 6 4 S^filS 2 6 0 ±Kl^ 

T«J^SB2 6 1±©-?X£J12 6 2 ©«««*> 5* F7-f^»0 
10 gJ^f^©igSMi2 6 4^f iSStlT^S. £;fr#W©S§iififc 
gg2 6 4«^-©ffiOM2 6 3 S^Slt$n, fi¥#|S]©$S8&©M 2 6 
4tt (1 1 - 2 2) ®tStl5. ^W512 640±®2 6 3 Cteg 

iH®2 6 3 S, 12 6 4, ±®2 6 3Cfct>J£ft3*U M5tt¥*#38ft 

fclcfc*. aMUMIfcfcHTtt, ¥»#3fift*^©ESt®T?©EI#K:«fc 

20 *^©©Stt*afe#*C**. 
2 

%1 9il:Sti5C, Bafc#J&#©*8ilJ£M2 7 4 
£j£Sg«2 7 0±fc#fifcT*«T?*D, ffc&Sfc 2 7 0±^^$nfc 
-[Tt^i2 7 1±©T7.^12 7 2 ©«*«*> 6 T h 'J ^X^lCiB^J 
25 «nfc^^->T?raA«t^«©»ft«ftJi 2 7 3*«»«*nTVi%. 
BB*HI"&»*©*SftJfcftJi2 7 3»i*©«»bfc-«lB2 7 3 StfSffi 
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